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THE ORIGIN OF SPECTRA 
By H. H. PLASKETT 
(Continued from the July issue) 


NICHOLSON’s ATOM 


8. On account of the present limitations of mathematical 
knowledge it is essential in the formulation of any atomic theory 
to treat only the simplest cases. The complexity of the hydrogen 
specirum, though its atomic structure is the simplest known, led 
Nicholson to consider the spectra of nebulae and the corona. Here 
the conditions of pressure and excitation must be such that matter 
can exist in its most elemental forms, and accordingly there*is a 
beiter chance of devising an atomic model that will give rise to these 
astrophysical spectra. 

In his first paper,’ therefore, Nicholson treats of the spectra 
of nebulae, making use of the wave lengths given by Wright 
(L.O.B., 19). In this spectrum there are a number of lines due 
to hydrogen and helium, and a number to which no origin can be 
assigned. In order to account for these latter, Nicholson postulates 
a hypothetical element—-nebulium, which consists of a nucleus with 
charge +4e, surrounded in the neuiral atom by four electrons 
placed at equal angular intervals in a ring in steady motion about 
the nucleus. He contemplates the possibility of the atom becoming 
ionized when it will have more or less than four electrons. In any 
case the electrons will place themselves in a ring as described. 

209 


| 
No. 7 
} 
| 
4 


270 H. H. Plaskett 


Any other configuration would lead to too rapid a dissipation of 
energy by radiation.2® Electrons in steady motion of this sort 
under electrostatic forces may vibrate either perpendicular to or 
in the plane of their orbit. In order to calculate the period of 
these vibrations some earlier work of J. J. Thomson’s is followed, 
and a relation is finally derived whereby g, the frequency of vibra- 
tion of the electrons perpendicular to the plane of the ring, always 
appears as some multiple of w, the angular velocity of the ring of 
electrons. The value of this multiple depends upon the charge NV 
of the nucleus, the number of electrons in the ring, and the class 
of vibraiion. In general, of course, the simpler modes of vibration 
give rise to the more intense radiation. The periods as thus 
calculated are relative to the ring which is in steady motion about 
the nucleus. The frequencies as received by a stationary observer 
require, therefore, a correction for the Doppler effect, and the 
frequencies, as calculated, correspond io two which are travelling 
around the ring in opposite directions. The most important vibra- 
tion is one in the plane of the ring whose frequency is w. Other 
vibrations in the plane of the ring are, he shows later, in general, 
unstable. This instability is not vital as he contemplates that the 
atoms constantly reform after breaking down. Eventually, then 
he arrives at the following relations for the neutral atom, where c 
is velocity of light and 
N=2rc/w, 0.872194 2rc/w, 0.86939 2rc/w. 

He identifies the first line, which will be the strongest on account 
of the simplicity of the mode of vibration with 4 5006.9. The 
second line should then be 4 4367.0, which agrees with a strong 
nebular line with an error of only 3.6 A (an error of 8 in 10,000). 
The third line should be 4352.9. At the time of Nicholson’s work 
a nebular line in this position was not known but, subsequently, 
a line was found in the Orion Nebula by Wright and Wolf at 
4353.3. Further, since for the neutral atom 2rc/w=5 107° cm. 
therefore w/c = 1.255 10° from which it may be calculated that a, 
the radius of the ring is 3.4X10-* cm., a quantity of the right 
order of magnitude. 


He then computes in a similar manner the important vibrations 
or the ionized atom which has either lost one or two electrons or 
gained a similar number. By identifying the principal vibration 
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frequency in each case with some strong nebular line, he is able to 
identify other lines in the spectrum. In this way he accounts for 
all of Wright’s nebular lines with the exception of 48729. Appealing 
to the theory of probability, he shows that the chances that the 
coincidences he has obiained are fortuitous must be less than five 
in a million. 

This simple ring atom, nebulium, therefore, is able to account 
for practically all the lines in the nebular spectrum. The mechan- 


ism, as specified in this first paper, however, is open to one serious 
objection (sec. 7). For as the atomic system loses energy through 
radiation, the radius of the ring continuously coniracts and the 
angular velocity increases. This in turn will impress a continuous 
charge on the periods of vibration of the electrons, and a con- 
tinuous, not a line spectrum, will result. To avoid this difficulty 
Nicholson, in later papers, defines the possible orbits by the quan- 
tum theory—-a theory which requires that transformations of 
kinetic to radiant energy take place not continuously, but by finite 
jerks or jumps. 

9. The quantum theory was first developed by Planck* from a 
study of thermal radiation. If a hot body be placed in an enclosure 
impervious to heat, then exchange of radiation, between the walls 
of the enclosure and the body itself, will take place until equilibrium 
is established. The body then remains at a uniform temperature, 
and possesses, by virtue of the oscillation of its atoms, a certain 
heatenergy. The energy resident in the atoms of matter is actually 
greater than that of the ether which surrounds it. Thus the heat 
energy of a mass of iron at 0°C, painted black, in radiative equili- 
brium in such an enclosure, is 810° ergs per cu. cm., while the 
density of energy in the ether is of the order of 4X10~° ergs per 
cu. cm. Such a final condition is quite different from that to be 
expected if the laws of classical dynamics hold good. This is well 
illustrated by the following simple analogy, due to Jeans. Con- 
sider a system of corks, connected by light springs (to represent 
the atoms of matter), set in vibration and placed on the calm 
surface of a tank of water (to represent the ether). Waves are 
set up on the surface of the water which are reflected back from 
the walls, and ultimately the corks are brought torest. The energy 
of the corks appears first as waves and then, as these disappear due 
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to viscosity, the original energy appears as heat energy of the water. 
Thus the final condition contemplated by classical dynamics is 
that the energy of the matter is zero, and the energy of the medium 
finite. If, as is actually found in equilibrium radiation, the energy 
of the atoms of matier is finite, then ordinary dynamics requires 
that the energy resident in the ether should be infinite. Now the 
energy resident in the ether is measured by the energy in the 
spectrum from such an enclosure. The actual spectral distribution 
of energy of the radiation from such an enclosure is finite, and is 
given by an equation known as Planck’s law. In order to account 
for this experimental disiribution of energy Planck found it neces- 
sary to abandon classical dynamics. He assumed the existence of 
a number of “resonators’’, vibraiing in simple harmonic motion, 
whose energy varies not continuously but by jumps or jerks of 
magnitude «=hy, where ¢ measures the quantum of energy of 
frequency yv, and f# is Planck’s constant. From radiation experi- 
menis h=6.55X10~* erg-seconds. Since change in radiation 
energy takes place by exchange with a resonaior, this assumption 
means that the energy of radiation can ordy vary by the same 
jumps. 

The problem as solved by Planck was: Given a certain law of 
exchange of energy, whai will be the spectral disiribuiion of energy? 
The converse of the problem, namely, given a certain speciral 
distribucion of energy, what laws of motion musi be postulated to 
obiain thai disiribution? has been solved with great completeness 
by Poncaré. His conclusion is: ‘‘L’hypothése des quanta est la 
seule qui conduise a la loi de Planck”’. Thus the radiation problem 
demands the quanium theory of energy exchange. 

Two ways of providing a physical basis for the quantum theory 
have been suggested. The one, due to Einstein, requires that 
radiation consists of indivisible bundles of monochromatic light 
whose energy is given by e=hy. This conception requires noi 
only the emission but also the absorption of light in indivisible 
quanta. The other view, which is due to Planck, suggests that 
while emission of light takes place in quania, it is propagated as in 
the undulatory theory, and absorption takes place continuously. 
Evidence exists in favour of both views. Thus the photo-electric 
effect, where electrons are ejected from metals under the influence 
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of ultra-violet light, requires Einstein’s hypothesis. The electrons 
are driven off with all velocities up to a certain maximum. The 
natural interpretation of this is, that they all leave the atoms with 
the same velocity, but some have to “fight” their way to the 
surface. This maximum velocity varies with the frequency of the 
incident light, and the nature of the metal, not with the intensity 
of light or temperature of the metal. These experimenial results 
are represented by the following formula for the energy of the 
ejected electron, 

mv=k (vy—vw) 
where k is a constant, ¥ is the frequency of incident light, and ¥% is 
a frequency below which electron emission does not take place. 
From a series of elaborate experiments Millikan has shown that 
for sodium k=6.561 10727, and for lithium k=6.585 1072’, 
values which agree very closely with the value for h determined 
from radiation experiments. There seems, therefore, no escape 
from the conclusion that the electron in the atom absorbs one 
quantum of energy (hence the variaiion in velocity of emission 
with frequency of light), and is ejected with that energy less the 
energy required to remove it from the atom. kv,/., therefore, 
should be the ionisation potential of the element, and this is found 
to be the case. Thus the phenomena exhibited in the phoio- 
electric effect are completely explained by the quantum theory, 
and further require that the quania be Einsiein’s indivisible 
bundles. 

But against Einsiein’s conception must be set all the evidence 
of the undulatory theory of light. Interference can be obiained 
with a path-diflerence of over a million wave lengths. This seems 
to require that the quanium must have this lengih—several feet 
in space. Further, the experimental fact that a three-foot object- 
glass has a higher resolving power than a three-inch can only be 
interpreted as meaning that the quanium has a three-foot cross 
section. It is difficult to see how a quantum of such dimensions 
is indivisible, and if it is, how any light gets into a three-inch 
telescope. The question of the exact physical interpretation of the 
quantum theory must, therefore, remain open, until some com- 
promise can be effected between Einstein’s view and the undulatory 
theory of light. Whatever that compromise may be it must 
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abandon nothing vital of the quantum theory which is essential 
in the radiation problem. 

10. To return to the simple ring atom Nicholson” shows that 
the energy of such an atom consists of two parts, one constant and 
the other variable. If E be a measure of the variable part then 
E=na*,* where is the number of electrons and is pro- 
portional to their kinetic energy (a being the radius of the ring, 
w its angular velocity). Then if v be the frequency of the principal 
vibration in the plane of the atom, 

E/v=2rE/w=27 na*w. 
This quantity is proportional to the angular momenium of the 
ring. Nicholson then considers that the energy of the atoms, 
like that of Planck’s resonators, can only vary by discrete amounts 
or jumps which are integral multiples of the quantum of energy for 
the frequency v. From the above equation it can be seen that 
under these circumstances the angular momentum must be some 
integral multiple of 4. This in turn serves to fix the possible 
orbits of the eleciron ring, and thus prevents the coniinuous 
variation which is fatal to the produciion of line spectra. He 
further considers such stationary orbits as non-radiating. That 
is, radiation does not take place until the electrons are disturbed 
and vibrate in and about this orbital plane. 

This linking-up of the atomic system with the quantum theory 
is the important conception in Nicholson's atomic theory. In this 
way he meets the difficulty, earlier indicated (sec. 7), of obiaining 
a many-lined spectrum. By fixing the possible radii of the ring 
by the atomicity of angular momenia a continuous change in the 
period of the vibrating electrons becomes impossible. This ensures 
a line spectrum. And further, since an infinite number of these 
orbits may be obtained, each of which gives rise to at least one 
important vibration, a many-lined spectrum is obtained. 

The subsequent developments of the theory can only be briefly 
indicated. Nicholson’s second, third and fourth papers treat of a 
hypotheiical atom, called protofluorine, which will give rise to the 
majority of lines in the coronal spectrum. It has a nuclear charge 
+5e, and is surrounded, in the neutral atom, by a ring of five 
electrons; in the ionized atom the number of elecirons may vary 
from two to seven. Since, by hypothesis, the angular momentum 
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of the ring of electrons can only take on values which are integral 
multiples of h, and further, since by Kepler’s law wa _ is constant, 
it at once follows that, as the orbital ring takes up different succes- 
sive positions, there will be emitted radiation of frequencies such 
that the cube roots of the wave lengths are in arithmetical pro- 
gression.” Accordingly each principal vibration of frequency 
and the other possible vibrations earlier discussed (sec. 8) form 
the heads of cube-root series. In the coronal spectrum Nicholson 
finds a number of these cube-root series corresponding to the 
protofluorine atom, and is thus able to account for all the lines 
except 445303.3, 4566, 4359, 3642.5, 3534. The discovery, by 
Deslandres at the 1914 eclipse of a line whose wave length was 
6374.5 A, enabled Nicholson? to put all these six lines in a very 
accurate cube-root series. He assigns them to a hypothetical 
element coronium with a nuclear charge of +7e and eight electrons. 
All the lines in the coronal spectrum are thus accounted for by 
protofluorine and coronium. Further, an expression® involving 
the mass of the positive nucleus enters as a correction for the wave 
lengths of the theoretical lines, and it is possible from the magnitude 
of this correction to deduce the atomic weights of these hypothetical 
elements. The atomic weight of protofluorine is 2 and its atomic 
number, of course, 5; and the atomic weight of coronium 4, with 
atomic number 7. Nicholson suggests that they may be light 
isotopes (an atom whose nucleus has lost one or more a pariicles, 
and twice that number of electrons with a consequent change in 
aiomic weight, though no change in chemical properties) of known 
elerrents. 

In later papers Nicholson extends his work on the nebular 
spectrum. He shows that the unknown lines in Wolf-Rayei™ stars 
can be grouped into a formula 


= ( ) 
lt+nd — 


In this formula m and n take on integral values and d is an absolute 
constant. A», however, takes on values 5007 and 4363.5, which 
are the wave lengths of strong nebular lines, and p=q/w may take 
on any values appropriate to the hypothetical nebulium atom 
(sec. 8). Such a relation shows very clearly the continuity between 
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nebulae and Wolf-Rayet stars, a continuity which has been con- 
firmed by researches at the Lick Observatory. Nicholson con- 
siders, then, that the unknown lines in the Wolf-Rayei stars are 
due to a quadrivalent evolution product of the nebulium atom 
(nuclear charge +4e). Merton* has since shown that the sironger 
Wolf-Rayet lines are due to carbon excited by a very heavily 
condensed discharge. As carbon is also quadrivalent it appears 
to be a terrestrial evolution product of the hypothetical element 
nebulium. Further, work®® on the nebular spectrum has shown 
that the various lines not given by nebulium can be accounted for 
by other simple ring system atoms with varying nuclear charges. 
An important confirmation of Nicholson's results is obtained in the 
interferometer measures of Bourget, Buisson and Fabry”. They 
show that the atomic weight of the element giving 43729 is 3, and 
the atomic weight of the element giving 5007 is between 1 and 2. 
Nicholson, using the correction for the mass of the nucleus referred 
to above, gave for the atomic weights 2.95 and 1.31 respectively, 
a remarkable agreement between theory and experiment. 

Though the theory is not yet in its completed state it has 
already achieved great successes. Particularly important is the 
conception of the atomicity of angular momentum which accounts 
for the occurrence of a many-lined specirum. It is to be noted, 
however, that this conception, involving as it does stationary 
non-radiating orbits, introduces another difficulty. For on the 
elecitro-magentic theory of light any acceleration of the electron 
produces radiation. Accordingly an electron in revolution about 
the nucleus would be expected to radiate. A possible solution 
of the difficulty has been suggested by Schoii?*. The practical 
results of the theory are important. Nicholson has been able to 
specify atoms which, by the dynamical vibration of electrons, will 
satisfactorily account for the spectra of the nebulae and the corona. 
Further, he has been able to predict lines which have later been 
found, and he has determined the atomic weights of these hypothetical 
elements, his results being confirmed by interference measures. 


Bour’s AtToM 


11. Following the successful work of Nicholson, Dr. N. Bohr?’ 
gave an atomic theory to account for the origin of certain terrestrial 
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spectra. He considers the case of an atom with a nucleus, charge 
+E, and a single electron, charge —e, revolving about the nucleus 
with angular velocity » in a circle of radius a. According to ordin- 
ary dynamics these quantities are connected by an equation of 
motion, 
cE a’ =m wa 

The kinetic energy of the electron in its orbit is 'sma?a*=!seK a. 
W, the work required to remove an electron from its orbit to 
infinity, is given by the potential energy of the electron less its 
kinetic energy, 


W=eE/a— 4m @ w= Yek/a (2) 
Ww? 
‘ . ‘ ‘ V . 
and hence 2a=ek/ (3): = (4) 


where w 27 is the frequency of revolution of the electron in its 
orbit. It will be noted that as the loss of energy W’ continuously 
increases through the dissipation of energy by radiation, so the 
radius a diminishes and the frequency of revolution continuously 
increases. Thus a continuous, not a line spectrum, will be given. 

To avoid this difficulty Bohr makes his first assumption, 
namely, 

W=rth (5) 
where 7 may take on the integral values 1, 2,3 . . . and h is 
Planck’s constant. But 2W) #=mwa*, the angular momenium of 
the electron in its orbit, =7 In other words this assumption 
is equivalent to requiring that the angular momentum be an 
integral multiple of 4/27. This conception, of course, originated 
with Nicholson (sec. 10). 

Such an assumption, as has already been pointed out, serves to 
fix the possible orbits of an electron. Eliminating w between 
equations (4) and (5) it will be found that 

W m F? (6) 
and substituting this value of W in equation (3) there results that 
2a = (7). 
mek 


Since 7 is limited to integral values, a can only take on certain 
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definite values given by equation (7). It will be noted that the 
diameter of the atom as given by equation’ (7) is of the right order 
of magnitude. Since for the normal hydrogen atom 7 = 1, and E=e, 
the substitution of the proper numerical values gives 2a =1.110-° 
cm. (cf. sec. 3). The atom, on this theory, may, however, have 
diameters 4, 9, 16 times this, corresponding to different values 
of r. 

When an electron falls from an orbit r=7, to an orbit t=7.2 the 
aiom experiences a loss of energy given by equation (6) 


me? F2 
AW=Wn-Wn= (=> ) (8) 


2 Ti" 


Bohr now makes his second principal assumption, and states that 
this loss of energy is emitted in the form of exactly one quantum of 
monochromatic radiation. That is, AW=hy», or the frequency of 
the emitted monochromatic radiation is given by 


where N= (10). 


h 


According to Bohr the frequencies of the various spectral lines are 
given by inserting integral values of 7; and 72 in equation (9). 
The lines can be sorted out in series corresponding to different 
values of 

Before proceeding to an examination of the formulae derived 
above it is important to note the resemblances and differences in 
the theories of Nicholson and Bohr. Both theories contemplate 
the emission of a many-lined spectrum by the conception, due to 
Nicholson, of the atomicity of angular momentum. According to 
Nicholson, however, radiation is due to the dynamical vibrations 
of electrons, under the inverse square law, perpendicular to and in 
the plane of the stationary non-radiating orbits. According to 
Bohr, on the other hand, radiation is due to a loss of atomic energy 
caused by the shrinkage of an electron from one stationary orbit 
to another appearing in the form of one quantum of monochromatic 
radiation. 
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12. In the hydrogen atom E£, the nuclear ona =-+e, and the 
value of the constant N, equation (10), is =Ny, say. The 
hs 
value 72=1, equation (9), will then give the series 


y= where =2, 3, 4 
n? 


the lines of which all lie in the ultra-violet. None of the lines of 
this series were known when Bohr'’s theory was first announced, but 
they have since been discovered by Lyman. The value 7r2.=2 
gives the series 


v= N uf ) where n =3, 4, 5 
4 


which is the well known Balmer series of hydrogen (sec. 7). The 
value 72=3 gives the series 


v=N n(-*) where =4, 5, 6 
9 n 


which is a hydrogen series found by Paschen in the infra-red. The 
remaining series ro=4, 5, 6 are too far in the infra-red to be 
observed. 

It will be noted that the higher members of the series and its 
limit are given by large values of r or m. It requires, in other 
words, an atom with radius much above normal to produce these 
higher members of the series. Bohr has suggested that this may 
be the reason why, in the rarified chromosphere, it is possible 
to obtain 33 members of the Balmer series. In the laboratory the 
atom cannot assume the necessary dimensions, and hence only the 
first few members of the series are obtained. 

The hydrogen specirum, as predicted from Bohr’s atom, does 
not contain the so-called second hydrogen or ¢ Puppis_ series 
discovered by Pickering” in stellar spectra. Rydberg, on the 
assumption that the ¢ Puppis was the S series of hydrogen and the 
Balmer series the D, calculated (sec. 7) the wave lengths of the 
P series. As the wave lengths of the first two lings he obtained 
M688 and 2734. A bright line at 44686 was known in Wolf- 
Rayet stars, and was frequently accompanied by the ¢ Puppis 
series. Accordingly this line 4686 and the ¢ Puppis series were 
assigned to hydrogen. In 1912 Fowler* found the line 4686 in a 
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helium tube with a hydrogen impurity. A systematic investigation 
showed that it could always be produced by applying sufficiently 
condensed discharges. Not only the lines predicted by Rydberg, 
namely AA4688, 2733, 2383 and 2253, were found in the vacuum 
tube, but lines intermediate to these at \\3202, 2511 and 2306. 
As hydrogen was always present as an impurity these additional 
lines were grouped into a second principal hydrogen series. The 
Pickering lines at \\4511, 4541, and 4200 were also obtained, but 
they were diffuse and fuzzy. 

This, then, was the condition of affairs when Bohr announced 
his theory. He pointed out that if the helium atom were strongly 
ionized, as was extremely probable, in view of the heavily condensed 
discharges employed, so that it had lost both electrons, then, on 
the return of one electron, series should be given not dissimilar to 
the Balmer series. Since for helium E=-+2e, from equation (10) 
N becomes Ny, =82?met/hi=4Ny. Lines of frequency v would 
then be radiated as determined by the equation 


= 


T.=1 or 2 will give lines in the extreme ultra-violet. If 72=3, lines 
are obiained which coincide with the 4686 series and the inter- 
mediate lines, thus throwing them all into one series. If 7.=4, 
the Pickering series is obtained. Thus Bohr’s theory would assign 
the Pickering series and ihe 4686 series not to the hydrogen but 
to the helium atom. Evidence in favour of this identification has 
accumulaied ever since. 

In the first place should be mentioned the work of Merton and 
Nicholson®. By the use of a Lummer and Gehrcke plate in con- 
junction with a neutral tint wedge, they have been able to show 
that the lines of the Balmer series are doublets, both components 
tending to the same limit. As this is a characteristic of the P 
series of an element, the Balmer series is not, as Rydberg assumed 
in his calculations, a D series. Accordingly the only reason for 
assigning the 4686 and the Pickering series to hydrogen is no 
longer valid. In the second place, Evans, Stark and Fowler 
independently have obtained the line 4686 in a helium tube in 
which there was no trace of hydrogen spectrum. Thirdly, Fowler® 
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has found enhanced line series of magnesium, calcium, strontium 
and barium with a constant 4Ny instead of Ny. The 4686 series 
is clearly by its mode of production and by the formula which 
represents its lines also an enhanced line series. It can, therefore, 
no longer be associated with the Balmer series which is of the arc 
type. And finally Lyman** has just announced a helium series 
in the ultra-violet corresponding to r2=2 in the above formula. 
There is thus a complete chain of evidence to show that the 4686 
series and the Pickering series are due to the helium atom. This is 
a remarkable triumph for Bohr’s theory. 

It is further interesting to note that the value of Rydberg’s 
| constant, NV, as computed from equation (10), when a correction 
| is made for the masses of the nucleus and the electron, agrees 
} exceedingly closely with the experimentally determined value 
109,675. The ratio of Ny, to Ny as determined from Bohr’'s 
formula is 4.001635, in close agreement with the experimental 
value of 4.001632. 

13. The theory has proved so remarkably successful for the 
simple case of one nucleus and one electron that it is natural to try 


and extend it to more complicated cases. In particular it is 
desirable to discover the origin of the very complicated secondary 
spectrum molecule. Nicholson® has shown that it is possible to 
extend Bohr’s theory to more complicated cases without the 
introduction of any new assumptions. He tries cases where the 
hydrogen atom is neutral or bears one negative charge. Both are 
frequent conditions as J. J. Thomson has shown in his positive ray 
experiments. In each case Nicholson obiains a series of lines of 


9 


1 
the general form »=A _ where A is a constant, containing 
To" 


the Rydberg constant as a factor. Bui none of the lines thus 
obtained coincide with lines in the secondary hydrogen specirum. 
He extends the theory to two nuclei and two electrons— the hydro- 
gen molecule—-to a molecule with only one eleciron, and io the 
| transition state between atom and molecule. In each case formulae 
and series of the above types are obiained, but nothing suggesiing 
or resembling the secondary hydrogen spectrum. Similarly and 
without success he tries to obiain the helium and _ par-helium 
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series from the neutral helium atom. He concludes that Bohr’s 
theory only holds for the simple case of one nucleus and one electron. 
If the Rydberg constant is to be maintained in the more complicated 
cases, Nicholson states that it will be necessary to assume some law 
of force other than the inverse square between nuclei and between 
electrons. Even with this additional assumption it is not possible 
to derive the ordinary helium spectrum. 

Silberstein® has, however, in a recent paper indicated a possible 
way out of this difficulty. By treating the nucleus not as a homo- 
geneous sphere of positive electricity, as has hitherto been done, 
but as a collection of point charges (a much closer approximation 
to the truth—sec. 3) either symmetrically or asymmetrically 
arranged, it is possible not only to obtain lines with complicated 
structure, but also new types of series. In his preliminary paper 
Silberstein has developed the theory for a number of simple types 
of nuclei. The numerical applications of his formula will be 
awaited with great interest, and in the meantime the article 
appears to point a way out of the difficulty raised by Nicholson. 

14. Not only does the theory appear limited in its applications 
as shown in the previous section but it is also open to a number of 
objections. The interferometer measures of Buisson and Fabry 
show that a number of lines of the secondary hydrogen spectrum 
are due to the atom not the molecule. But the atom, according to 
Bohr’s theory, gives only three series of the Balmer type in the 
ultra-violet, visible spectrum and infra-red. Silberstein’s work 
may, however, remove this limitation. A more serious difficulty 
has been raised by some recent work of Merton and Nicholson*®. 
In an investigation on the relative intensities of the lines in the 
Balmer series, a tube was used containing helium at a pressure of 
41 mm. and a trace of hydrogen as an impurity from the electrodes. 
Under these conditions 12 members of the Balmer series were 
readily obtained. Now, by Bohr’s theory, the 12th member of 
the Balmer series corresponds to a case T=2, T=14 (sec. 12). 
This means a diameter for the hydrogen atomof 1.06 X10 (14)?= 
2.08 X10~* cm. (sec. 11). But the separation of the helium atoms 
in the tube is of the order of 1.0X10~*cm. Thus the diameter of 
the hydrogen atom is greater than the mean distance apari of the 
helium atoms in the ratio of two to one. It is very difficult to see 


| 
| 
| 


| 
4 
i 


| 


The Origin of Spectra 


how under such conditions the atoms could radiate at all. Finally, 
there is the difficulty about the mechanism of the radiation. All 
previous experimental and theoretical work points to the vibrations 
of the electrons as being responsible for radiation (sec. 5). In 
Bohr’s atom, however, radiation is due not to the vibration of an 
electron, but to the loss of energy of the atom occasioned by the 
shrinkage of an electron from one orbit to the other. In terms of 
such an atomic theory it will prove difficult to give a satisfactory 
explanation of the Zeeman effect, or of the electromagnetic theory 
of dispersion, both of which require electrons vibrating in certain 
free periods. 

Notwithstanding these objections, however, the theory has 
proved to be so successful that it must contain some measure of the 
iruth. If the early promise of Silbersiein’s work is fulfilled, and 
the theory extended with the same success to more complicated 
cases, it may prove necessary to remove the objections specified 
above by the modification of other theories. 


In conclusion, the discussion of the atomic theories of Nicholson 
and Bohr shows that in spite of the inherent difficulties of the sub- 
ject, much has already been accomplished. Future progress will 
depend largely on three factors. The first thing needful is a 
satisfactory theory of radiation, or, in lieu of that, a physical 
explanation of the quantum theory which is not in cae eas 
to the undulatory theory of light. In the second place, for more 
complex atoms, a solution of the three body problem will be 
necessary. Finally, and perhaps most important, are spectro- 
scopic investigations of all kinds. A critical experiment may well 
prove to be the key to the solution of the problem. 


DoMINION ASTROPHYSICAL ORSERVATORY, 
Victoria, B.C. 
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NEWTONIAN GRAVITATION 
By Ortro 


So frequently in discussions of the Einstein theory it is assumed 
as obvious that according to Newtonian Gravitation the deflection 
of a ray of light just grazing the sun is 0’’.87, exactly one-half of the 
Einstein effect, 

Einstein shows that Newton's law is applicable only for rela- 
tively small velocities, that is, velocities small compared with the 
velocity of light. 

In the following brief note the derivation of this Newtonian 
value of 0’’.87 will be shown. 

We begin with the Newtonian law, that the orbit which a body 
will describe when the force varies inversely as the square of the 
distance is a conic section. 

In text books on dynamics will be found in connection with the 
above statement the equation 


sin? 6 (v?—2y /p) 


e=1+ 

y? 

in which e is the eccentricity of the orbit, p the radius vector or the 

distance from the centre of attraction (focus) to a point in the orbit, 

v the velocity, 6 the angle made by p with the tangent or direction 
of projection, and u the intensity of the force at unit distance. 

The species of the conic is determined by the value of v?—2y p. 
The orbit will be an ellipse, hyperbola, or parabola, according as 
the value of e is less than, greater than, or equal to unity, according 
as v—2y/p is negative, positive, or equal to zero. 

From the last expression it is obvious that if we assign to v the 
velocity of light, it will be positive, and the orbit an hyperbola. 

To evaluate e, as well as the semi-transverse and semi-conjugate 
axes, and the angle the asymptote makes with the line of apsides, 
which will be half of the angle of deflection of the ray of light, we 
shall substitute numerical values in thé above equation of e’. 

As the derivation of the deflection is for the edge of the sun the 
radius vector p becomes R, which in round numbers we take at 
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700,000 km., as our object is not to secure extreme exactness as 
much as to show the method of derivation. Similarly for v we take 
300,000 km. per second. Gravity at the surface of the sun or G is 
taken as 270 metres per second per sec. that » the unit intensity, is 
GR? or 13.23 10° km. 

When @=7, 2 or 90°, which it is at the vertex of the hyperbola, 
or =Rv?/p=v? GR=4.76X10°; unity is absolutely 
negligible compared with Rv? yp. 

Amongst the fundamental relations for an hyperbola we have: 


Focal distance =A(e—1) 
1-é = — B?/ A? 
Direction of asymptote =B/A 


With the large value for e the focal distance becomes Ae, as unity 
is negligible, and also 1—e? becomes—e?= — B*/A?, i.e., e=B/A. 
But this BA as we see is the expression for the direction of the 
asymptote, or the angle the tangent at infinity makes with the 
transverse axis. 

The reciprocal of this will be the angle in radians made by the 
tangent with the normal to the above axis. For our result it will be 
observed that the values of A and B, the semi-transverse and semi- 
conjugate axes, are not required, simply their ratio: however we 
shall give them as they are so extraordinarily disproportional 
compared with the familiar representations in text books on 
conics. 

If we designate the total deflection by d we have 
206265” 

4.76 X 10° 
Recapitulating, for the sun and ray of light grazing the surface: 
v =300,000 km. per second 
R =700,000 km. 
G =270 metres per second per second 
=GR? 
= 13.23 10° km. per second per second 
e =v*R/p=v?/GR 
7¢ 


d=2/e= =0’’.87, the quantity we set out to derive. 


=4.76 10° 
A =R e 
=1.47 km 


| 
| 
} 
4 
4 


Newtonian Gravitation 287 
B =Ae 
= 700,000 km. 
d =2/e 
= (’’.87 


If the deflection for any other distance is desired’ we simply 
sul stitute the value of p in the expression for e. For any value of p 
in connection with the discussion of the-gravitational effect of the 
sun on a ray of light passing within several radii from the sun, 
unity in the expression for e is quite negligil le. 


As the deflection varies inversely as e, and e varies directly as p, 
it follows that the deflection varies inversely as the distance, 
i.c., for a distance of two radii from the centre of the sun the de- 
flection will le one-half what it is at the surface of the sun. 


Ottawa, 


Dominion Observatory, 
April 16th, 1920. 
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SUN’S ALTITUDE 


By Ortro KLorTz 


In the October 24th, 1919, number of the English Mechanic and 
World of Science occurs the following passage (p. 164), in a letter 
by W. E. Smith: “Coming however to very close grips with the 
matter, it must be recognized that the instant when at any given 
placé on the earth the sun at that place attains its greatest altitude 
is not necessarily (although it is very nearly) coincident either with 
the instant when the sun appears in our transit instrument to be 
on the meridian, or when the sun is actually on the meridian. I 
have not worked out the matter in detail, but I presume that 
although the difference is always very small, it is greatest at the 
Equinoxes when the sun’s motion in declination is the greatest.”’ 

The above prompted me to write the following brief paper: 

For a star the meridian altitude is the greatest elevation it 
attains for a given place. Ordinarily this is assumed to be the case 
too for the sun and for practical purposes may be so taken, although 
not mathematically true. 

While the sun’s declination is increasing, that is, from winter 
solstice December 22nd to summer solstice June 22nd, the altitude 
is always greater after meridian passage than at transit. This is 
due to the fact that from the moment of transit—with constant 
declination—the sun moves off on a tangent, and its change of 
altitude varies for a short time as the square of the elapsed time 
from transit, on the other hand due to increasing declination the 
sun moves off apparently in a straight line, making a small, very 
small angle with the tangent, thereby increasing its altitude. 

The problem resolves itself into finding the instant when the 
increase in declination equals the decrease in altitude. For the - 
elapsed time from transit to that instant the altitude of the sun is 
greater than at meridian passage. 

If b represent the decrease in altitude with constant declination 
for the elapsed time a, and Aé is the increment in declination for 


say | minute, also x the elapsed time for the instant when the 
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above increase and decrease balance each other, we have 
bx? /a?=xA6 or x 
For our first mnuerical example let us take the case when the change 
of declination is greatest, which is at the equinoxes. At equinox 
March 21st, 1919 
=45°, 6=0°, t=4m=1°. 
Mar. 20th to 22nd average change in 24h. in decl. = 23’ 42” 
= 59’ .25 
“Im. = 9875 
In a spherical triangle we have the general equation, 
sin h=sin @ sin 6+cos ¢ cos 6 cos f 
For 6=0°, sin h=cos ¢ cos t, cos 45° = 9.8494850 
cos 1°=9.9999338 
sin h =9.8494188 
h =44° 59! 28” .57 
At noonh =45° 
decrease in 4m, Ahk =31''.43 
Substituting our above numerical values for b, a and Aé, we have 
4° X 0.5027 or 30°.16. 
317.43 
During this interval the altitude of the sun is greater than at 
meridian transit. 

To find the time when the greatest altitude is attained, is 
equivalent to finding when the difference is greatest between the 
increasing and decreasing influences, that is when xAé—bx?/a* 
is a maximum. Differentiating and equating to zero, we have 
x =a°A6 2b, 2.e., one-half the time of above neutralizing effect or 
0.25135 = 15°.08. 

For this interval the declination increases 

0.25135 0.9875 = 0.248, 
and the decrease in altitude 
_ 31.43 X (0.25135)? _ poy 
16 
.248 —0’".124 = 0'.124. 


Hence the sun attains its greatest altitude 15°.08 after transit, 
and is then 0”.124 higher than at transit. 
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Taking an intermediate date between the equinox and summer 
solstice, say for May 15th, when 6=18° 40’ 46”, retaining ¢=45° 
and ¢=1° and solving for the third side, zenith distance, of the 
spherical triangle by the introduction of the auxiliary angle 6 


where tan 6=cot ¢ cos t, whence 6=44° 59’ 44’7.29 

and cos £=sin (6+6) sin ¢/cos 6 

hence 20’ 01.50 and h =63° 39'58’".50 
at transit h =63° 40’ 46” 

Hence Ah= 0! 47.50 in 4 minutes of time. 


May 13th to 15th change in decl. 14’ 25” in 1 day 
= in 1 hour 
= 6in 1 minute 

Hence we have x = ——— =0".2021 or 12°.12. 
+4 ou 
The greatest difference in altitude occurs at 0".1010 


Increase in declination =0”.0605 


Decrease in altitude =0".0303 
6 


Hence the sun attains its greatest altitude 12°.12 after transit, and 
is then 0’7.0303 higher than at transit. 

Taking the case where the change of declination is the smallest, 
at the solstice, A46=0. 

Let us take June 22nd, = 23° 26’ 55”, retaining @=45° and t= 1° 
Solving in a similar manner to the preceding 


we ol tain) =68° 25’ 59’7.50 
At transit h =68° 26’ 55’’.00 
Hence Ah= 0’ 55””.50 


Hence we have «=9, signifying that at the instant when the change 
of declination is zero, the meridian altitude is the greatest, as it 
continues to Le while the declination is decreasing. 

It will Le observed that at the equinoxes the sun attains a 
greater altitude after meridian passage than that of meridian 
passage, than at any other meridian passage. It is seen also that 
the greater declination the greater will be the difference in altitude 
for a given time with constant declination for that time, which can 


be inferred too from the general formula. 
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For different latitudes the less the latitude the greater will be 
the change in altitude for a given time, reaching its maximum when 
the place ts on the equator when sin =cos 6 cos ¢; when the sun is 
also on the equator the altitude changes directly with the hour 
angle, and throughout the day. 


Dominion Observatory, Ottawa, 
Nov. 22nd, 1919. 
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THE FESTIVAL OF THE DEAD 
By R. G. Haliburton 
(Continued from page 259). 

lo or Isis was called Athyr, which was the name of the month, 
on the 17th of which her great festival, the mysteries of Isis, took 
place. Greswell, who does not seem to have noticed the connection 
of the constellation of Taurus with the month of November, says, 
“according to some the Bull in the heavens is the same as Io.” 
“The Arabic name of the sign, or one of the Arabic names, is 
Ataur or Ator, which is evidently the same with the Egyptian 
Athyr—Ator or Venus; and she was only another conception of 
the Egyptian Isis.”** But the connection of Taurus (Ataur) with 
the festivals of first fruits and of the dead, everywhere, even in 
the Pacific Islands, associated together, is clearly discernible. Sir 
Gardner Wilkinson says that at harvest time the Egyptians 
throughout the country “offered the first fruits of the earth, and 
with doleful lamentations presented them at her altar.” He traces 
the connexion between two of her festivals in the fact that two 
of her votaries “presented their offerings in the guise of mourn- 
ers.” As to the Egyptian fable of the cow of Mycerinus, Sir Gard- 
ner Wilkinson says, “if Herodotus was correct in stating that it 
was a heifer (not an ox), it may have been the emblem of Athor 
in the capacity which she held in the regions of the dead.” “The 
introduction of Athor with the mysterious rites of Osiris, may be 
explained by her frequently assuming the character of Isis.” 

But the connection of Taurus (Ataur) with a funereal com- 
memoration which took place on the 17th of Athyr, is indirectly 
attested to by Plutarch, who says, “the priests therefore practise 
certain doleful rites, one of which is to expose to public view, as 
a proper representation of the grief of the goddess (Isis) an ox 
covered with a pall of the finest linen, that animal being considered 
the image of Osiris. The ceremony is performed for four days 
successively, beginning on the 17th day of the above month 
(Athyr).” “Thus they commemorate what they call ‘the loss of 
Osiris,’ and on the 19th of the month another festival represents 
‘the finding of Osiris.’”” The authorities I have already cited** seem 
to show that this refers to the 19th of Athyr (not of Pachons, as 
Sir Gardner Wilkinson suggests). Plutarch supposes this funereal 
celebration to represent the death of the year, and the beginning 
of winter. De Rougemont makes the same conjecture as to the 
festival of the German goddess of death; but I have already shown 
that these theories are incorrect; because in the Southern hemis- 
phere, the vernal month of November is sacred to the god of the 
dead. But Plutarch suppiies, unconsciously, the clue to the enig- 
ma, when he states that these funereal celebrations “take place 

35 See ante, p. 38. 


“See as to the 17th, 18th and 19th, being days sacred to the dead, 
ante p. 23, 27. See Fasti Cath., ii. 455, 458. 
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in the menth when the Pleiades are most distinct, i.e., in Athyr.*? 
These lamentations, followed by rejoicings, were plainly connected 
with the disappearance and reappearance of the Pleiades, and 
were in no way descriptive of the seasons. The Abipones of 
‘ South America call that constellation their “Grandfather.” When 
it disappears from the sky at certain seasons, “they suppose their 
grandfather is sick, and are under a yearly apprehension that he 
is going to die;” when these stars again appear they rejoice, and 
hold festivals in honor of his recovery.** In Borneo, Se kera, the 
God of Agriculture, resides in the Pleiades. Hence we find the 
Pleiades, like Osiris and Proserpine, were regarded as the god 
of the dead and of agriculture, and thus the festival of the Pleiades 
was a feast of ancestors, and a first fruits celebration. 

In Australia, on or about the 17th November, the savages 
celebrate their great corroboree in honor of the stars of Taurus 
(see p. 19), which, as I have shown, is of a funereal character. 
It is therefore evident that, as the Hindoo name for November is 
Cartiguey (the Pleiades), the Egyptian name for it, Athyr, is 
connected with Ataur (Taurus), and the seven stars the Pleiades. 
Hence we learn from the fable of Io, that the cow or bull, accom- 
panied by the Pleiades, was worshipped at the Isia on the 17th 
of Athyr, 7.e., when these stars in the constellation of Taurus are 
most distinctly visible ; and thus as the primitive year began at that 
time, the constellation of Taurus may be said to have opened the 
primitive year—See Landseer’s Sabaean Researches, p. 75 to 85, 
861. See Greswell’s Fasti Cath. ii. 88, n. ii. 112; iii. 255, 257, 
370; Introd. 241; iv. 280. 

A plate, in Hyde’s learned work on the Religion of the ancient 
Persians, taken from an antique gem, which was supposed to 
represent Mithra, or the sun in the sign of Taurus, evidently refers 
to the stars in the constellation of Taurus, and to Orion and 
Scorpio, which are at the same time visible in November, when 
the primitive year began. 

Hyde says that the representations of Mithra were intended 
by Zoroaster to be of an astronomical, not of a religious or myth- 
ical character. 

We have represented in this gem a man holding a sword and 
accompanied by two dogs (the form under which Orion was 
represented), near him a scorpion, and above him the seven stars, 
the sun and the moon. The tradition as to the scorpion, I have 
already shown, was connected with November and with Orion 
by the ancient Romans, and to this day is associated by the Arabs 
with November. But the Persians themselves, when they changed 


* Bradford’s Amer. Antiq., 331. 
* Tbid. 
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their year from November to February, i.e., from the time of the 
midnight culmination of the Pleiades to that of their culmination 
at sunset, must have transferred the tradition as to the death of 
Orion by the bite of a scorpion to February, as they still celebrate 
a festival in February, in which charms are used to drive away 
scorpions. Hyde says this festival once took place in November. 
I can find no trace in the customs of any race in which any super- 
stitions respecting Taurus, Orion, and Scorpio are connected with 
May,—Hyde, de Rel. Vet. Pers., 113. Bailly’s Astr. Indienne, 
xxx. Cliv., 4, 18, 78. See also ante, p. 39. 

That the reverence of Asiatic nations, as well as of the nations 
of antiquity, for sacred bulls, arose from the seven stars in the 
constellation of Taurus marking the beginning of the year in No- 
vember, is probable from the following facts connected with the 
traditions as to the deluge. 

We have seen that the memory of that event was preserved 
in the great religious festival of ancient nations, the new year’s 
commemoration of the dead. But as this was regulated by the 
Pleiades, which are in Taurus, let us see whether the Bull and 
the Seven Stars are not mixed up with the traditions of the deluge. 

Bryant*® shows us that the Pleiades were connected with that 
event in Grecian mythology, though he gives no satisfactory ex- 
planation for the fact. We have already seen that, beyond any 
question, the Mexicans associated the memory of the deluge, and 
a dread of its recurrence, with the midnight culmination of the 
Pleiades. 

No solution has been supplied for the remarkable circum- 
stance that the Zendavesta, and even the prayers of the Parsees, 
mix up the bull with the memory of the deluge; nor has any clue 
been found to the meaning of the traditions of the Chinese, the 
ancient Britons, Greeks, Persians, Hindoos, and Egyptians, as to 
“the seven celestial beings” preserved from the waters of the 
Flood. They all plainly point, for their origin, to the connection 
of the memory of the deluge with the new year’s commemoration. 
This festival, as we have seen, was regulated by the stars in the 
constellation of Taurus. Hence the belief of the Mexicans that 
the deluge commenced at the moment when the Pleiades, culmin- 
ating at midnight, marked the beginning of the year, has been 
shared in by other races. We can therefore understand why the 
bull and the seven stars are connected with that event, not only in 
ancient mythology, but also in the traditions, and even in the 
prayers of Asiatic nations. 

The belief of many writers that the ancient British fables as 
to King Arthur are derived from some astronomical myth, will 


* Bryant’s Mythology, i. 296-9; ii. 280. 
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receive some confirmation from the facts contained in this paper, 
and from the references which I give on this point. We find the 
Arkite God Hu (the bull), Uthyr or Arthur (Athyr?) connected 
with the deluge, from which Arthur and his seven friends escaped.*° 
The lamentations for the death of Hw are traceable to the con- 
nection of Taurus with the new year’s feast of ancestors, which 
grew in time into a commemoration of the death of a divinity, or 
into a festival of the god of the dead. Hence the death of Hu 
(Taurus) is the same mythicai event as the death of Osiris, with 
whom the bull Apis and Athor (Taurus) were connected. The 
lamentations for Adonis, Thammuz, Proserpine, and other deities, 
are derived from the same myth. Dupuis says, “Dans leur 
mysteres on rappelait la chute, et la régénération des ames, par le 
taureau mis a mort et ressusscité.” *? 

The astronomical ideas of the ancient Britons confirm this 
view. We have the testimony of Plutarch that in an island to the 
west of Britain, a festival at the end of every thirty years was 
held, which was connected with, and probably, like the Mexican 
cycle, was regulated by the constellation of Taurus. “It is men- 
tioned by Plutarch,” says Greswell, “that the principal object of 
adoration among the Cimbri, in the time of Marius, was a brazen 
bull; by which they are accustomed to swear on occasions of 
greater solemnity than usual. If this bull was not borrowed from 
the Egyptians, and was not merely their Apis or their Mneuis, we 
can have but little reason to doubt but it must have been intended 
as a type or symbol of the bull in the heavens ; and we consider this 
supposition much the more probable of the two. This fact, how- 
ever, would do much to connect the origin of time and the begin- 
ning of things, in the opinion of these nations, with the sign of 
the bull. The Hindoos, both of ancient and modern times, and 
the Persians also, have always associated the sign of the bull with 
the origin of time; and there is no reason why the nations of the 
North might not have done the same, and for the same reasons in 
general too, viz., because primitive tradition and belief among 
them also actually connected the beginning of things with this sign, 
or the constellation in particular.”* 


*“See Davies’ Myths of British Druids, p. 121, 130, 138, 143, 156, 173, 
179, 241, 244. 

* Dupuis, vi. 283. 

“See Fasti Cath., ii. 111, 112. Greswell connects these facts with the 
sign of Taurus, i.e., with May—not with the constellation of Taurus by its 
rising in November marking the beginning of the year—a theory which 
does not appear to have suggested itself to him, nor can I find that any 
writer has taken the view which I have of the traditions, symbols and 
myths of ancient nations, as connected with astronomy and with the primi- 
tive vear. 
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But we need not go to remote antiquity or to distant nations 
for traces of this connexion of the stars of Taurus with the begin- 
ning of the year, which they regulated by their rising in the even- 
ing. To this day the Highlanders believe that in the twilight on 
new year’s eve the figure of a gigantic bull is to be seen crossing 
the heavens. They even imagine that the course which it takes 
is ominous of good or ill for the coming year. Stewart says that 
as new year’s eve is called Candlemas “from some old religious 
observances performed at that time by candle-light,” this mythical 
animal is popularly known among the Highlanders as “the Candle- 
mas Bull.’’** 

There is a most remarkable circumstance connected with the 
history of the deluge that greatly confirms these conjectures. 1 
allude to this point with a good deal of hesitation, as | am aware 
that very proper prejudices exist against anything that may seem 
like an unnecessary attempt to give a figurative character to the 
history of that event. 

It will be remembered that Bailly has shown that the Plei- 
ades are popularly known throughout Europe and Asia, as the 
“Hen and Chickens.” ** Bryant proves that their Greek name, the 
Pleiades, or Peleiades, meant the Doves *°—and he has collected 
some very curious facts respecting their connection with the 
deluge, without in the least suspecting that there was an astron- 
omical fact embodied in the traditions he has described. It is 
worthy of notice that the part which tradition, both sacred and 
profane, has assigned to the Dove in the history of the deluge, is 
attributed in Central Africa to a mythical hen—whose valuable 
services are still celebrated among the natives. A Missionary, 
who refers to this subject, remarks that the hen, and the palm tree, 
which also plays an important part in. the African tradition, 
“remind us of the dove, and the olive branch.” *° It is too singular 
a coincidence to be dismissed as accidental, that the leading events 
of the deluge occurred near the time of the principal festivals of 
Isis, or were apparently connected with the movements of the 
Pleiades, or Doves.” 

The Flood commenced on the 17th day Athyr, when the 
lamentations of Isis for Ostris began, and on the primitive Hal- 
loween, when the Pleiades culminated at midnight and marked the 
beginning of the year. 

This event was shifted to the 17th of February by the Athe- 
nians, i. e. to the day when those stars culminated at sunset, and 


“See Stewart’s Superstitions of the Highlanders, 246. 
“See ante, p. 16. 

“Bryant’s Mythology, ii. 90. 

“See Bowen's Central Africa, 266. 
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marked the beginning of the year. The ark rested on Mount 
Ararat on the 17th day of the 7th month (April), in which month 
the second Isia and the Roman Palilia took place. But our May 
Day is unquestionably the same festival as the Palilia; and with 
the eve of May Day the Druids connected traditions of the deluge. 
The Dove, or the Peleiad, left the ark, and returned no more, on 
the 24th day of the 11th month, 7. e., on the 21st of August, when 
the Pleiades culminate at sunrise, and when the Hindoos com- 
memorate the seven holy Rishis preserved from the flood.** 

This evidence is not confined to mere coincidences of dates in 
ancient calendars. The days I have mentioned were peculiarly 
marked in Europe, Asia, Africa and America. On each of them 
we find a new year’s festival of the dead took place among some 
races. Nov. 17th, I have already shown, was a marked day among 
ancient nations, and is still the new year’s commemoration of the 
Australian savages, as well as a subject of superstitious dread 
among some Asiatic races. 

On February 17th a new year’s festival of the dead can be 
traced under the form of the Attic Anthesteria and the Roman 
Parentalia. April 20th was the new year’s day of Rome in the 
time of Romulus, and on it the world of spirits was supposed to 
be open. On the 19th of February, the year of the Chinese and 
Japanese commences, and on the 28th of August the feast of 
ancestors takes place, as it did in Egypt and in Rome. 

If these days represented even divisions of the year, this 
coincidence might be considered accidental; but it can scarcely 
be so viewed, when we remember that these days fall at most un- 
equal and irregular intervals; and especially when we find that 
they were each, in some way, important epochs of ancient calen- 
dars; each connected, in some instance, with the beginning of the 
year, with the festival of the dead, or with the movements of the 
Pleiades or the Doves. 

We have already seen that, though All Halloween and May 
Day still survive, the primitive year, of which they constituted the 
two great festivals, was disused thousands of years ago. It ap- 
pears, however, that the ancient Britons must have shifted the 
tradition of the deluge from Halloween to the eve of May Day, 
i. e., from the beginning of “the Pleiades above,” to that of “the 
Pleiades below.” This is the only instance in which I can find 
the tradition of the deluge connected with the second season of 
the primitive year. In almost every other instance it was asso- 
ciated either with the 17th of November, when the Pleiades cul- 
minate at midnight, or with the 17th of February, when they 


* See Sir Wm. Jones’ Works, iv. 10; Buchanan’s India, i. 231. 
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culminate at sunset—i. e., with the beginning of the primitive 
Southern, or of the primitive Northern year. 

From the 17th of Athyr let us now turn to April 20th, and to 
the second division of the primitive Southern year, “the Pleiades 
below.” It will be observed that there is a very marked difference 
in the duration of the first season, in northern and southern lati- 
tudes, it being a good deal longer north than it is south of the 
equator. This circumstance may prove of very great importance 
in affording a clue to the part of the world in which certain very 
conspicuous festivals of ancient nations had their origin. I have 
already noted the fact that there are to be found in most parts 
of the world traces of two great festivals; of the one in or near 
November, of the other in April. Does the interval between these 
festivals coincide with the duration of “the Pleiades above” in 
northern latitudes, or does it point to a southern origin? The first 
festival of Isis fell, as I have assumed, on the 17th of Athyr (cor- 
responding with our November). But the second festival of Isis 
fell on the 20th of Pharmuthi, 7. e. near the middle of April, and 
long before the Pleiades are invisible in the evening in northern 
latitudes. Assuming the account of the deluge to have been 
astronomical, not historical, that event began on the 17th of the 
second month (November), and the Ark rested on Mount Ararat 
on the 17th of the seventh month, 7. e. April 16th. But in the lati- 
tude of Heliopolis in Egypt, the Pleiades are only invisible in the 
evening about May Ist; and to get the first season of the year of 
the Pleiades to coincide with the interval, we must go far south 
of the equator. These two great festivals are found in almost 
every quarter of the globe. In central Africa they are still in 
vogue. In ancient Greece and Rome, the festivals of Ceres and 
Proserpine fell in the spring and the autumn. Not only the dates 
of these festivals, but the testimony of Greek and Roman authors 
prove, beyond any question, that the appearance and disappear- 
ance of the Pleiades in the evening gave rise to the myth of the 
appearance and disappearance of Proserpine. She herself was the 
daughter of Taurus, or, according to the fable, of Ceres, and of 
Jupiter, who assumed the form of a bull.** Ovid refers to a very 
significant fact, that the initiated at the mysteries of Ceres and 
Proserpine, paid particular attention to the appearance of stars 
in the evening. 

See St. Croix, i. 168; ii. 17, and note; also 6, 13, 120. The facts 

‘ Dupuis almost settle the point. See vi. 277, 283: ix. 340, 345 
See Mystical Hymns of Orpheus, trans. by T. Taylor, p. 67, and note 
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Quz quia principio posuit jejunia noctis, 
Tempus habent mensz sidera visi sibi.” 

This he supposes arose from Ceres having then for the first 
time broken her long fast. But the facts contained in this papet 
will suggest for it a more probable origin. There can be but little 
question that it dates back to an era when the goddess herself had 
not been created—to the origin of the festival, its deities, its mys- 
teries and its myths—to the primeval custom of regulating the 
year by the appearance or disappearance of the Pleiades in the 
evening. 

The reverence paid to the seven stars was almost universal 
—and probably referred not to the sun and moon, and the five 
planets, as has been hitherto supposed, but to the seven Pleiades. 

It was conspicuous in the ancient mysteries, and is traceable 
in the circular dance of the priests representing the course of the 
stars. But the most striking evidence of its influence throughout 
the globe, is that a reference to the seven stars, or to the number 
seven, pervades the symbolism of almost all races, in Europe, 
Asia, Africa, Australia and America, even still lingering among 
our Freemasons, with whom the Seven Stars are a conspicuous 
and probably not very intelligible emblem.®® But as this rever- 
ence for the number seven, or for seven stars, is found in every 
quarter of the globe, and the Pleiades are almost everywhere the 
subjects of veneration, or at least of observation, we can scarcely 
doubt that the wide-spread symbol of the seven stars can only 
refer to the Pleiades.*! 

“” Ovid, Fasti, Lib. iv. See ante, p. 24-28. I have in p. 28 placed the 
second festival in May, which is apparently too late. According to Ovid, 
it fell in April. 

* See Oliver’s Hist. Landmarks of Freemasonry, references in general 
Index ; also in index to notes, as to “Seven Stars.” Also as to commemora- 
tion of Death, ii. 142, 145; also as to “Serpent” symbol, see Index. See, in 
reference to this point, note to p. 29 and p. 40, foregoing paper. See also 
Archdeacon Williams’ Essays, p. 298, 302; Christy in Ceylon, 202; Tschudi’s 
Peruvian Antiq., 13; Kerr’s Voyages and Travels, xxv. 8. If masonry is 
entitled to claim a very remote antiquity, it is far more closely connecteG 
with the primeval superstitions of which I have been treating, than with 
the Hebrew race. Many of the uninitiated, who ridicule the assumptions 
of Freemasons, have probably, without question, accepted “All Souls” as 
of Christian origin, with as much reason as Freemasons connected their 
order and its symbols with Jewish history. 

* The following authorities refer to this subject: Bunsen’s Egypt's 
Place in Universal History, i. 69, 137, 378; Greswell’s Fasti Cath., iv. 357: 
Maurice’s Indian Antiquities, I. xxxiv; II. 159, 170, 312; III. 528; IV. 644 
716, 730; V. 923, 987; VI. 97; see frontispiece to VII. 165, also 623, 673. 
Stephen’s Yucatan, ii. 185, 425, 450. I have collected a large number of 
authorities to prove that the symbolism is as universal in the New, as 
is in the Old, World; but will not burthen this preliminary outline of 
these investigations with any more references on this point. 

[68] 


4 


300 The Festival of the Dead 


Gebelin * says that at the time of harvest in the month of 
Pharmuthi, about the 20th April, the Egyptians wept over their 
sheaves of grain, as they invoked Isis. “/t is worthy of remark,” 
he adds, “that the 19th, 20th, and 21st of April were the days on 
which the festival of Ceres and that of Pales were held.” 

The Palilia of the Romans was their ancient new year’s day, 
on which took place, in the time of Romulus, a festival of the 
dead. The world of spirits was supposed then to be open; though 
when the beginning of the year ceased to fall at the time of the 
Palilia, the mundus patens seems to have become attached to some 
other day, or at least was no longer connected with the Palilia. 
Yet in the customs preserved by the Romans, we find a trace of 
their ancient new year’s festival of the dead. It was usual at the 
Palilia to light bon-fires, and to leap through the flames. This 
custom still lingers in Scotland and Ireland, in connection with the 
eve of May Day, and of Halloween. Bon-fires almost everywhere 
were connected with the festival of the dead. But the custom 
of leaping over a fire, is still practised in Hindostan after funerals, 
for the purpose of driving away the ghost, that may hover around 
the living. The goddess Pales is supposed to be the Italian type 
of Isis, Ceres, and Durga,®* and the Palilia from their funereal 
characteristics which I have noticed, would seem to bear out the 
conjecture. 

In India a festival occurs in the spring, which, with that in 
memory of the flood on August 22nd, Sir William Jones connects 
with the two great commemorations of Osiris, his entrance into 
the moon, and his enclosure in the ark. 

The Siamese have two years in use, one, the more ancient 
civil year, commencing in November, or Cartiguey (the month of 
the Pleiades), and the other the astronomical year, commencing 
in April.** 

Everywhere we can find traces of these festivals, in almost 
every case, dividing the year into two unequal seasons. I have 
already shown that de Rougemont is in error in supposing that 
they represented autumn and spring, under the name of the festi- 
vals of Death and of Life.** 

3ut assuming that they were originally the festivals marking 
the commencement of the two seasons of the year of the Pleiades, 
how is it that the second festival fell before the second season of 
the Pleiades began, in Rome, Egypt, and Hindostan? We may 


* Monde Primitif, iv. 358. 

* As to date of Palilia, etc., see Fasti Cath., 318; ii. 55, 58; Orig. Kal. 
i. 110. 

* See Bailly’s Astr. Indienne, p. 4, 18, 30. 

* See ante, p. 50. 
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explain it by supposing that a migration of races from the South 
once took place. It is plain, that with a very rude race, regulating 
their seasons by the Pleiades, their months being merely “moons,” 
the second festival would fall later, as they would migrate to the 
north. But if any semi-civilized race can have passed from south- 
ern to northern latitudes, carrying with them a calendar, in which 
the year was divided into months and into days, it is quite possible 
that the second festival, being fixed in their calendar, may have 
retained its place, though no longer adapted to the time of the 
disappearance of the Pleiades in the evenings. 

When it is remembered that the ancient new year’s day, the 
Roman Palilia, the second festival of Isis, and the second great 
event in the history of the deluge, took place within four days of 
each other, 7. e., between the 16th-and 20th April, we can scarcely 
fail to see that the circumstance is sufficiently striking to invite 
further enquiry. There must have been some cause for this coin- 
cidence in the festivals and traditions of nations so far removed 
from each other. 

Greswell has not turned his attention to this point, but on 
astronomical grounds has endeavored to show, that the natale 
mundi, the beginning of the primitive year, fell at this time. He 
finds April 20th an important®® epoch in calendars from Italy to 
China. The tradition that the primitive year began in the spring 
seems to have affected his judgment a little on this point. Scali- 
ger, who was led to the same inference from the same traditions, 
subsequently abandoned it, and was compelled to adopt the view 
that the primitive year began in the autumn. The evidence of 
customs and calendars have led me to the same conclusion, as the 
new year’s festival of the dead is almost always connected either 
with the autumn, or with February. 

To arrive at any satisfactory results from an examination of 
the intervals between the two great festivals to which I have 
referred, would require more accurate information than I am 
possessed of. Sir William Jones, Landseer, and other writers 
have considered that a comparison of the times when these festi- 
vals were observed, might lead to interesting results ; and I cannot 
help thinking that the enquiry may, in the hands of others more 
competent than myself, not only throw a light on the mode in 
which these festivals were regulated, but also supply a clue to the 
quarter of the globe from which they were derived. 

Let us now turn from the two divisions of the primitive 
southern year, to those of the primitive northern year, 7. e. to 
February 17th and August 28th. A study of customs led me to 


Fasti Cath., ii. 68. 
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designate the year commencing on February 17th as the primitive 
northern year, because I had not discovered the festival of the 
dead occurring in February south of the equator. A reference to 
Professor Everett's table will show, that in an astronomical point 
of view my conjectures have been confirmed, as the Pleiades cul- 
minate at sunset south of the equator early in February; but in 
the latitude of Egypt and Japan, they culminate at sunset on the 
17th of February, and at sunrise towards the end of August. 
This fact I ascertained, after I had conjectured, from an analysis 
of customs, that the primitive northern year was adapted to the 
movements of the Pleiades north of the equator. The Dyaks of 
Borneo hold their first fruits festival (the Nyiapaan) on the 17th 
of February, when the Pleiades are beginning to descend towards 
the west in the evening. This is the precise date when the festival 
of the dead, embodied in the Anthesteria was held by the Greeks, 
and when the Roman Parentalia or festival of the dead took place. 

In Japan, the year began on the 19th of February,** and 
among the Persians, Tartars and other northern nations of Asia, 
it now begins, or formerly did so, in the middle of February.** 

The festival of the dead among the Algonquin Indians of 
North America, took place in the middle of February, the Mexi- 
cans and Peruvians holding it apparently in November. It is a 
little remarkable that, though the primitive northern year in Persia 
was an intrusive year,» which was substituted for the year com- 
mencing in November, in America the reverse appears to have 
been the case, as far as I have been able to fix the date of the festi- 
val of the dead in North and South America. 

The Chinese differ from the Japanese, in holding the lanthorn 
festival at the beginning of the year, on February 19th, and the 
feast of ancestors about August 28th, while the latter hold both 
of these festivals on the 26th, 27th, and 28th of August. 

In Japan we have almost conclusive evidence that the calen- 
dar and its festivals were regulated by the Pleiades. The year 
begins on the 19th of February, 7. ¢., within two days of the cul- 
mination of the Pleiades at sunset. The Star festival is held on 
the 20th August, the Pleiades culminating at sunrise on the 21st; 
and the feast of ancestors, or the lanthorn festival, falls on the 
26th, 27th and 28th of that month. The second great festival, the 
Matsuri, takes place on the 18th, 19th and 20th of October, the 
Pleiades first rising on the 19th of October in the evening. 

The kgyptian year was preceded by five days of intercala- 
tion, which were dies nefasti. Even in the new world we find 
that these days were regarded as unlucky, and were consecrated 

“See Thunberg’s Japan, i. 46; iii. 92 


* See Hyde de Rel. Vet. Pers., p. 187, 230, 232, 241. 
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to thé god of the dead. On them was performed, by the Yucatan 
Indians, the ceremony, which I have traced from Europe to the 
Fiji Islands, of welcoming, honoring, and bidding farewell to the 
god of the dead.*® The Yucatan deity Mam (the Grandfather), 
like the Fijian Rutumaimbulu, the German Hertha or Morena, 
the Hindoo Durga, the Egyptian Isis and Osiris, and the Greek 
Pluto and Proserpine, was the mythical representative of that 
heritage from primeval man, the new year’s commemoration of 
the dead. But the god Jam is plainly the same as the Egyptian 
Typhon who was called Baba, which in Central Africa means 
“Father.” In South America AJam or Baba is connected with the 
Pleiades. The Abipones, says Debrishoffer, think the Pleiades ‘‘to 
be the representation of their grandfather.” 

This festival, which clearly dates back to an era long anterior 
even to that remote period in the history of our race, when a deity 
was created to preside over the feast of ancestors, in time became 
sacred to Isis, Durga, Proserpine, and other funereal deities, and 
was ultimately, among many races, converted into a festival of 
the god of the dead. This theory throws a new light on the belief 
of the Egyptians, that their principal deities were born on these 
dies nefasti. 

“We are informed by Plutarch,” says Greswell,°° “that the 
last five days of the Egyptian year (the five epagomenae of the 
equable year) were reputed, among the Egyptians, the birth days 
of five of their principal divinities ; the first of Osiris; the second 
of Arueris (Apollo, or Horus the elder) ; the third of Typhon; the 
fourth of Isis; the fifth of Nepthys, Teleute, Aphrodite, or Nike. 


®T have already shown that the custom of bathing the Fiji God ts to 
be traced to the northern nations of Europe, as well as to the ancient 
Egyptians and Hindoos; but I was not aware that the same ceremony was 
practised in honor of Ceres. ‘Tacitus evidently was surprised at the coin- 
cidence on this point in the rites of Ceres among his countrymen, and the 
custom of the Germans at the festival of Hertha—“Mox vehiculum et 
vestes, et, si credere velis, numen ipsum secreto lacu abluitur.” (Tac., 
Germ., x1.) 

Ovid says that at the festival in honor of Ceres, the priest bathed the 
goddess and the utensils used in her worship 

Illic purpurea canus cum veste sacerdos 
Almonis dominam sacraque lavit aquis 
(Ovid, Fasti iv. See also ante, p. 46-49.) 

A similar ceremony now exists in Ceylon.—See the Mahavansi, iii. 150. 
And also in India, see Broughton’s Costumes and Manners of the Maha- 
ratas, p. 71. See also, as to Baba and Mamma being used as epithets in 
India for uncles and grandfathers, p. 41. 

Fasti Cath., i. 152. 
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Now Typhon," in particular, in the apprehension of the Egyp- 
tians, being the personification of the principle of evil, his birth- 
day was naturally regarded as an ‘nuepa’amrodpas ; for which rea- 
son, says Plutarch, the kings of Egypt would transact no public 
business, nor even attend to the care of their own persons, on that 
day.” 

This superstition is still attached, in Persia, to the 17th day 
of November, on which, as we have seen, rulers and princes can- 
not refuse to comply with petitions presented to them, that day 
being sacred to Murdad, the angel presiding over agriculture and 
the dead.* 

This third day of the epagomenae was called in Yucatan 
Cemis, or the day of Death. 

Among the Greeks and Romans these days were called 
piapacs stained or polluted by death, which is precisely the 
same name by which they were known among the Yucatan In- 
dians. They were also known among the former as atogpade 
unlucky days. This name was clearly connected with the dead, 
as it was applied to the Sceleratae Portae of Rome, through which 
funerals passed. Don Juan Pio Perez of Yucatan, speaking of the 
Yucatan calendar, says “five supplementary days were added at 
the end of each year, which made part of no month, and which for 
that reason they called ‘days without names.’”” They called them 
also uayab, or uayab Jaab. The word uayab may be derived from 
way, which means to be destroyed, wounded, corroded by the 
caustic juice of plants, or with lye and other strong liquids.” If 
this was the real meaning of the name, these days were known not 
only in the old world, but also in America, as days that were 
“stained” by death.®* 

Volney states that the name Typhon is the same as the Arab word 
“Touphan, which signifies the deluge.” He also cites Aristotle (de Meteor., 
lib. i. c. xiv) as saying that “the winter of the great cyclic year is a deluge.” 
These remarks are worthy of note, as he was apparently not aware that 
the festival of the dead at the beginning of the year was so generally con- 
nected with the traditions as to the flood, or that the end of the Mexican 
ycle was so marked by the memory and the dread of a deluge—See Vol- 
ney’s Ruins, p. 269. 

* See ante, p. 23. 

“In Hindostan the time when the monthly commemoration of ancestors 
occurs is called amavasya or mahacala. The monthly festival of the dead 
is called in Africa mahala. In India, the festival evidently fell on the days 
called dagda or burned—which is the name in the Yucatan calendar for the 
days of intercalation. In it we find in every month days called Cemis, or 
“belonging to the dead”; but this is plainly the same word as Kamis, the 
Japanese name for the spirits of deceased ancestors.—See Sir Wm. Jones’ 
Works, iv. 128, 134. Buchanan’s India, i. 231, 244, 339, 421. Re Rougement 
Le Peuple Primitif, ii. 357, 359. 

Don Ferdinand Columbus says that “the natives of the West Indian 
Islands worshipped little images called Cemis, to which they give each a 
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“On this account,” the same writer says, “the Indians feared 
those days, believing them to be unfortunate, and to carry danger 
of sudden death, plague, and other misfortunes. For this reason 
these five days were assigned for the celebration of the God Mam 
(“Grandfather”). On the first day they carried him about and 
feasted him with great magnificence; on the second day they 
diminished the solemnity ; on the third day they brought him down 
from the altar, and placed him in the middle of the temple; on the 
fourth day they placed him at the threshold or door; and on the 
fifth day, the ceremony of taking leave (or the dismissal) took 
place, that the new year might commence the following day.” “* 

The first day was called by the Persians the day of salutation, 
and the fifth the day of bidding farewell.® 

The custom of removing the image of the god from the altar 
on the cemis (or day of the dead), reminds us of the superstitions 
of ancient nations, who during the festival of the dead, closed 
their temples, and veiled the altars and the images of their gods. 
On “All Souls day,” in some parts of Europe, the high altar is 
shrouded in black, while over a huge coffin, or cenotaph, that is 
placed in the church, a solemn mass for the dead is performed. 

It is not improbable that there may be a reference to these 
“days without a name,” in the words of Job, when he curses the 
day of his birth—‘‘Let darkness and the shadow of death stain it.” 
“Let it not be joined unto the days of the year; let it not come into 
the number of the months.” 

These unlucky days were regarded in the Old as well as the 
New World, as “stained by the shadow of death.” °° They were 
name, which I believe to be derived from their fathers and grandfathers, 
for some have more than one image, and some ten, all in memory of their 
forefathers.’—Kerr’s Voyages and Travels, xxiii. 131. 

“See Stephens’ Incidents of Travel in Yucatan, i. 437. 

"See Hyde, de Rel. Vet. Pers., 199, 269, 548. 

“Tt is not a little remarkable that to a curse, similar to that of the 
Patriarch Job, the Egyptians attributed the very origin of these five un- 
lucky days. Plutarch tells us (de Is. et Os., c. 12) that the sun, enraged 
with Chronos (Saturn, Time, or the year) and Rhea (the starry heavens), 
for having begotten the five planets, for whom there was no space in the 
year or in the heavens, uttered a curse that they should neither be born ww 
a month, nor in the year. Therefore Hermes, as a return to Rhea for past 
favors, played at dice with the moon, and won back the 72nd part of each 
day of the year of 360 days, ie., 5 days, which thenceforward constituted 
those five epagomenae, or “days without name,” which neither formed a 
part of the months, nor of the year. To show how striking is the identity 
between the imprecation which forms the basis of this myth, and that of 
Job against the day of his birth, we have only to imagine the sun using 
the very words of the Patriarch to curse those ill-omened birthdays oi 
the planets. “Let the days perish wherein they are born.” “Let darkness 
and the shadow of death stain them.” “Let them not be joined unto the 


To be Continued. 
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NOTES FROM THE METEOROLOGICAL 
SERVICE 


MAGNETIC OBSERVATIONS. 
JuNE 1920 
The Magnetic Field of the earth was unusually quiet during the 
month of June. At Agincourt 10 days are characterized as calm and 
at Meanook 15 days. One moderately large disturbance was 
recorded on June 10th, but although the departures from normal 


were of fair size, yet the movements were generally of a sluggish: 


nature. The range at Agincourt in H was 253y in Z 173y and in D 
34/7. At Meanook the range in D was 1°50’. 

Only 12 Meteorological observers reported seeing the Aurora 
during June and it was only seen on 13 different nights and was of 
the 3rd or 4th Class. . 

Sunspots were small and scattered but on no day was the sun’s 
surface observed to be completely free of spots. 

TEMPERATURE FOR JUNE, 1920 


STATIONS 


JUNE 
STATIONS — — 
| Highest | Lowest Highest | Lowest 
Yukon Ontario 
Dawson s2 30 Agincourt 9] 44 
British Columbia Oak Ridges ) a 12 
Atlin 74 30 Aurora j So 
Agassiz 85 40 Bancroft S6 39 
Barkerville 72 30 Barrie SO 39 
Kamloops 10) Jeatrice 82 35 
New Westminster 82 42 Bloomfield So 42 
Prince Rupert 68 40 Brantford 
Vancouver SI 42 Chapleau 
Victoria 78 43 Chatham 95 
West Provinces Clinton 90 40 
Battleford S3 37 Collingwood S7 39 
Calgary SH 20 Cottam | 
Edmonton SO 29 Georgetown SS $5 
Medicine Hat SS 32 Gravenhurst s4 41 
Minnedosa S86 36 Grimsby 90 15 
Moosejaw 86 31 Guelph S7 41 
Oakbank 82 32 Haliburton SY 34 
Portage la Prairie s4 29 Huntsville st 36 
Prince Albert 82 34 Kenora | S5 35 
Ou'Appelle 83 34 Kinmount 
Regina so 32 Kingston sO 46 
Saskatoon SI 34 Kitchener oO 41 
Souris 87 35 London o4 4 
Swift Current SS 32 Lucknow 90 37 
Winnipeg | s4 38 Markdale 
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TEMPERATURE FOR NE, 1920—Continued. 


JUNE 


STATIONS 
Highe st 
Ontario- continued 
North Grower 95 
Oshawa S4 
Ottawa 87 
Paris 93 
Parry Sound 4 
Peterborough S7 
Port Arthur s4 
Port Burwell 8&5 
Port Dover 84 
Port Stanley S4 
Queensborough S7 
Ronville S4 
Southampton S4 
Sundric ige - 
Stonecliffe 90 
Stoney Creek 93 
Toronto 93 
Uxbridge SS 
Wallaceburn 92 
Welland S6 
White River S4 


| Lowest 


STATIONS 
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JUNE i 

‘Highe st | Lowest 
| 
| 83 35 

72 34 

S85 | 4s 

S86 | 42 

S4 42 

| 

SO | 38 

86 

SS 36 

S2 40 

S4 33 

75 44 

82 32 

SO | 36 

42 


36 Cuebec 
39 srome 
45 Father Point 
36 Montreal 
10 Ouebec 
| 43 Sherbrooke 
35 
| 42 Maritime Provinces 
42 Charlottetown 
| 41) Chatam 
} 38 Dalhousie 
| 40 Fredericton 
| 42 Halifax 
Moncton 
26 St. John 
| 41 Sussex 
| 46 Sydney 
10 Yarmouth 
50 
10 
26 


EARTHQUAKE 


RECORDS 


Time is Greenwich Mean Civil Time ; it is to be given in 
9 or 24 h =midnight. 


SIR FREDERIC 


P.T.=Preliminary Tremors. S. 


Date 

No. 1920 Comm. | Comm. 
2155) June 2 

2156; 4 

2157 5, 4736.3 4 47.3 
2158; 9 

2159 
2160 9 

2161; 18 

2162; “ 22 

2163} “ 30 


21 


64 30 


Period of Boom 18 seconds. 


STUPART, 


=Secon 


BY MILNE 
F.R.S.C., 


dary Waves. 


SEISMOGRAPH, 


TORONTO 


DIRECTOR 


L. =Large Waves. 


A.C 


= Air Currents 


hours, minutes and decimz nals of minutes; 


L. W. 


Comm. 


x 


3 O04.9to! 


3 23.9 
4 56.4 
5?30.9 


458.6 


Max 
| E nd Amp. 
h m mm 
| Micros 1.0 
0.1 
3.0 |10?050 Km.P very min- 
30.8 } | 
730 ute and ill defined 
0.2 | Nodistinct phrases 
13 21.1 | 9-4 
0.2 |Doubtful as to being 
seimsic 
0.05 
| 0.1 
5 09.3 | 0.4 |Uniform thickening. 
0.3 |Doubtful as to being 
seis smic. 


Pillar inclination 1 mm =0’.45. 


|__| 
Max. 
hm hm 
17:8 los 
31.2) 
18 37.3 f 
01.4) |) 524.9) 
23.5 f 5 26.2 jf 
56.1 
1 isi} 
18 46.3) 
50.4 1255.6 
44.2) 
18 57.10 | 
10137.4 | 
| 
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EARTHQUAKE RECORDS BY MILNE 


SEISMOGRAPH, VICTORIA, B.C. 


F. NAPIER DENISON, SUPERINTENDENT 


s LW 


Comm Comm. | Comm. 

m = im s hms 
22 10 27/22 13 24/22 16 5) 
15 34 10 15 39 05 
$53 13 4 44 02) 5 03 14 
416 17 4617 53 
11752 1911 58 05/12 05 29 


10 14 23 10 17 20 


Period of Boom) 18 second s 


Vertical 
$33 18 4 43 46 ? 


Max 


2 59 14 
437 57 
Pillar 


End Amp. 


Max 
Remarks 


37 30 2.25 1710 Km. 


46 OC 2.75 |9800 Km. Prob. about 
Guam. 


2407 0.1 P may be S. 
$411 O46) (3980 Km. 
2611 O.3 |1740 Km. Quake reported 


at Los Angeles at 
10:15. 


50 44 


iclinati on 1 =0”".54. 


9360 Km. 


eC‘ 
Ne 1920 mz. | 
h ms h mis mm 
2152, June 2 22 19 48.22 
2153 15 43 O1/15 SS 
2155 7 4 18 42) 4 
2156 >. 12 26 37/13 
2157 1s 10 19 18/10 
2158 22 305 11 0.2 
2159 30 
5 
| 
j 
i 
q | 
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TRONOMICAL NOTES 


SOME PROBLEMS OF SIDEREAL ASTRONOMY. 


H. N. 


Proceedings U.S. National Academy of Sciences, Vol. 5, No. 10. 


Jeans, discussing the problem of the figures of equilibrium of a rotating mass 
of compressible fluid, has already reached conclusions which not only bear upon 
the origin of double stars, but have suggested an entirely new and very stimulating 
conceyticn of the nature of spiral nebulae, as huge rotating masses of gas, which, 
becoming unstable at the edge under the influence of their own rotation and the 
attraction of the neighbouring stars, throw off matter from their peri, hery in 
streams of such enormous size that they may divide into ‘‘nuclei’’ large enough 
to form ordinary stars uj on cendensaticn. 

In the field of galactic astrenomy, Schwarzschild has developed powerful 
methods for handling the statistical material which must be our main guide, and 
Jeans and Eddingtcen have shown that “star streaming"’ demands no un’ nown 
forces for its explanaticn, but is probably inter; retable dynamically, as a | roperty 
of a system of stars in moticn under their own gravitation—although the existence 
of “streaming” appears to indicate that the galactic system is not in a “steady 
state’. Eddington has shown that the similarity of distributien of the stars in 
different globular clusters presents-a probiem by no means simple, though of 
much interest. 

Almost the whole of this work has appeared within the last three years, and 
further notable advances may be anticipated. Indeed, almost as these words 
are written, comes the first instalment of an important paper by Eddingten en 
the oscillations of a gaseous star, which may afford the long-sought soluticn of the 
problem of Cepheid variaticn. 

Among other specific problems awaiting discussion may be menticned the 
question whether the tidal interaction of two compressible and slowly condensing 
bodies can cause an originally small eccentricity to increase to the very large 
values which are found in many visual binaries, and some spectroscopic b naries 
as well; and, if this ; roves to be imy ossible, how the systems in questicn con have 
originated; the origin and laws of the complicated changes which occur in the 
periods of many eclipsing binaries; and the equilibrium and moticns of the con 
stituent parts of planetary and spiral nebulae. 
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Mention should also be made of the work of Nicholson on the interpretation 
of un! nown lines in the spectra of nebulae and of the solar corona as arising from 
hypothetical atoms of very sim le structure—which has successfully met 
the test of predicticn—and of the develo; ment of the theory of general relativity, 
which has already been used by deSitter to set a su: erior limit to the whole 
quantity of matter in the universe, and may have important applications in 
future. 

Of more fundamental nature, and obvious importance, is the unsolved problem 
of the source of the energy which the stars are con‘inually radiating at so rapid 
arate. It is becoming increasingly ; lain that the gravitational energy liberated 
by contraction from infinity would not nearly suffice to maintain the Sun's radia- 
tion during geological time (according to even the more conservative estimates of 
the latter); yet the mere con‘inuous existence of life on the Earth is evidence that 
the Sun has not merely kept on shin'ng throughout this interval, but has not 
changed in brightness by more than ene magnitude, at the outside. In the case 
of some giant stars, contraction from infinity would hardly suffice to furnish the 
energy which they have radiated during historic time. There apy ear to be two 
ways out of the difficulty; either the stars do not radiate heat in all directicns to 
space at the same rate as they do towards the Earth, or else they have some un- 
known and exceedingly great supplies of internal energy. The first alternative, 
however, seems to be excluded by the fact that the amount of heat which the 
Earth receives from the Sun, and loses again by radiaticn into space, is not greatly, 
and probably not at all, inferior to that which a black body of the same size and 
temperature as the Earth's effective radiating surface would radiate to an en- 
closure at the absolute zero. There seems therefore no escay e from the cenclusion 
that the heat radiated by a star can not be provided by contraction. What the 
source of the energy may be, how it is converted into heat in the body of the star, 
and where it goes after passing from the star’s surface into the ether, are at 
present the greatest of all the unsolved problems of astronomy. 


CHANGES IN PERIOD OF VARIABLE STARS 
Proressor H. H. Turner, R.A.S. 
Vol. LXXX No. 6 

o Ceti Mira, observed since 1596, shows eight changes of period, but of an 
oscillatory character; giving no certain secular change. 

S Herculis already quoted as an instance of oscillation with secular increasey 
is found not to be certainly increasing, though the evidence is consistent with an 
increase. 

R Leonis, already quoted as an instance of oscillation with secular decrease, 
has recently increased in period by an amount much greater than the former 
changes. 


IRC. 
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NOTES AND QUERIES 


Communications are Invited, Especially from Amateurs, The Editor 
will try to Secure Answers to Queries 


AN EXAMPLE OF ‘‘SUNLIGHT ENGINEERING” 


In a recent article in this JoURNAL Mr. H. S. Seymour explained 
methods for utilizing the beneficent sunshine, and a brief holiday 
by the sea drew my attention to an effective illustration of the 
principles stated. 

The-town of St. Andrews is located at the southwest corner of 
New Brunswick, at the mouth of the St. Croix river, which forms 
in part the international boundary between New Brunswick and 
Maine. In it is one of the great C.P.R. hotels, as well as numerous 
magnificent ‘‘cottages’’ of some Canadians well known in the 
financia world. Many others, of more modest means and of quiet 
tastes, spend some weeks or months there, as the surroundings are 
beautifu and the heat ‘s seldom excessive. The tides rise almost 
thirty feet and the fishing operations of the place are extensive and 
interesting to see. 

Now it happens that the shore line of St Andrews Bay runs 
approximately in the southeast-northwest direction and the streets 
are laid out parallel and at right angles to this. There is also ample 
space between the houses, and, as a consequence, on every day of 
the year every side of the house receives the direct rays of the sun. 


Tue “UNAPPROACHABLE RAINBOW" AND THE “SUN DRAWING 
WATER”. 

In the July number of the Atlantic Monthly the veteran 
writer on nature subjects, Mr. John Burroughs, has a short article 
discussing some interesting optica ol servations. In an earlier 
paper Mr. Burroughs had criticised a statement made by Thoreau, 
who says that he once stood in the abutment of a rainbow; and 
scores of Thoreau’s admirers rose to defend him and to say that 
they had had similar experiences 

(311) 
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The present writer has consideral le affection for Thoreau and 
very often carries ‘‘Walden”’ in his travelling bag when on a holiday. 
Recently on such an occasion he read the book again and with as 
great pleasure as ever. Thoreau is not an accurate student of 
nature and it is not for the science in the book that one reads it, 
although it shows acute ol servation. It is rather for the whimsical 
but nspiring philosophy found there; for the wholesome protest 
against paying too high for our burdens of modern society; for 
the sparkling epigrams; and for a certain mystical love and appre- 
ciation of nature and all living things. 

The particular passage which caused the discussion is in 
“Walden”, in the chapter entitled ‘Baker Farm"’, and is as 
follows 

Once it chanced that I stood in the very abutment of a rainbow’s arch, which 
filled the lower stratum of the atmosphere, tinging the grass and leaves around, 
and dazzling me as if I looked through coloured crystal. It was a lake of rain- 
bow light, in which, for a short while, I lived like a dolphin. If it had lasted 
longer it might have tinged my employments and life. 

Mr. Burroughs asserted that the experience descril-ed was 
impossil-le, that one cannot stand within the rainkow. Forthwith 
many people related how. they had driven automobiles through the 
arch and had taken all sorts of lil erties with it. Mr. Burroughs 
remarks that nearly all the incidents descril ed by his correspondents 
occured at some rather distant time and many significant details 
were entirely omitted. He is undoul-tedly correct in his contention 
that Thoreau could not do what he says he did. No one can 
possil ly touch the raintow which he himself sees. If one stands 
with his back towards the sun the bow will be seen directly before 
him. If a straight line he drawn from the sun to pass through 
the ol server's head and then Le continued, it will pass through the 
centre of the circle of which the bow is a part. Further, if another 
straight line be drawn from the ol server’s eye to a point on the 
primary (or inner) bow, it will make an angle with the other line 
of about 41°; while a line from the ol-server to the secondary (or 
outer) bow will make an angle of about 52°. In other words, the 
angular radii of the two Lows are 41° and 52° respectively. Hf, 
the rain-drops which produce the bow are beyond a tree, the bow 
may be hidden by the tree; if they are in front of the tree, the bow 
will be seen before it. If the observer moves, the bow must move also. 
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But Mr. Burroughs himself makes a mistake when he attempts 
to give a physical explanation of the production of the bow, He 
says :— 


So simple and easy seems the rainbow, like touching a butt n and seeing this 
marvellous apparition spring out! Yet it puts the natural philosophers on their 
mettle to explain it and analyze its laws. Its physics and ‘ts mathematics make 
the layman’s head swim. Rain-drops have an outside and an inside, a convex 
and a concave surface, and both play their parts in the production of the b w. In 
the pr mary b: w, the rays fall on the outside of the drops, and there are two 
reflections and one refraction. In the secondary b: w, the rays fall on the inside 
of the drops and : uffer two reflections and two refractions, which b ing the colours 
in reverse order to those of the first. 


Then there is polarization and there is 
interference and there are other optical puzzles connected with the Low. 

While there are some difficulties met with in giving a complete 
explanation of the rainbow, the positions of the two bows ordinarily 
seen can be accounted for in a quite elementary manner. A mom- 
ent’s thought will show that while there is an outer convex and an 
inner concave surface to the drop, the sun’s rays must a/ways fall 
upon the former before they can get within the drop and be able 
to fall upon the inner concave surface. In the production of the 
primary bow the rays are refracted into the drop, then reflected 
on the inner concave surface and then refracted out of the drop, 
that is, there are two refractions and one reflection. In the pro- 
duction of the secondary, the rays are refracted in, then reflected 
twice from the inner surface and then refracted out, that is, there 
are two refractions and two reflections. 

Over a level plain not more than one half of the rainbow circle 
can be seen, and that would be at sunrise or sunset; but if the eye 
is on an elevation it is possible to see a much larger portion. Stand- 
ing on the bow of a steamer, with the sun nearly overhead, one can 
often see almost a complete circle produced by the spray thrown up 
by the stem of the vessel. The most perfect bow seen by the present 
writer was at Niagara Falls, when moving along in front of the 
Falls to the “Cave of the Winds’, at about 11 a.m. on a bright day 
in June. The spray was all about one and the bow was a brilliant 
complete circle, which moved along over the rocks |-elow as one went 
forward on the wooden walk. 

Mr. Burroughs also states that the rainbow cannot be seen 
between 9a.m.and3 p.m. This is only a very rough approximation 
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to the truth for places in middle latitudes and during the summer. 
The hour at which a rainl ow can Le seen over a level plain depends 
upon the latitude of the place and the season of the year. A simple 
way to state the necessary conditions is: if the sun is more than 
41° al ove the horizon the primary bow cannot be seen; if more 
than 52°, the secondary cannot. Consider a person at Toronto, 
which is in north latitude 43° 40’... At the winter solstice (Dec. 21) 
the elevation of the sun at noon is about 23° and a bow could there- 
fore Le seen at that time at any hour during daylight. Indeed 
from Oct. 6 until March 7 the primary now can be seen at any hour 
of daylight, while the secondary bow can be seen at all seasons. 
At a place within 18° of the pole the primary bow can be seen when- 
ever the sun is above the horizon, while near the equator Mr. 
Burrough’s statement that the primary bow cannot be seen within 
three hours of noon is very nearly correct. 

The phenomenon of the ‘ 
to by Mr. Burroughs:— 


‘sun drawing water” is thus referred 


Great spokes of light radiate from rents in the clouds when the sun is partly 
hidden, producing an effect like a huge fan spread out in the eastern or western 
sky. The peculiarity of it is that the observer i always squarely in front of the 
middle of the fan; the vertical rays are always exactly in front of him, and the 
wings spread out equally on each side. You cannot by walking or running or 
driving change your relation to the phenomenon any more than you can the 
rainbow. Thus vertical rays appear stationary as, in fact, does the whole fan. 
Now if someone writes and tells me that he has outflanked that apparition and 
seen it off to the left or the right of him, I shall put him down as a fakir. 

What the explanation is of those spokes of light proceeding from those openings 
in the clouds, as if the sun were just behind them, when it is so far away that 
its rays to ht man eyes would seem parallel with one another, I do not know. 

It is true that one sees very few references to this phenomenon 
but it seems to me that the explanation is not difficult. The 
immediate source of the light producing the streamers appears to be 
a dense cloud which is strongly illuminated by the sun on the side 
away from the observer and the light, spreading out in all directions, 
passes through openings in the surrounding clouds. Probal ly some 
finely-divided matter in the atmosphere is lighted up and shows 
the paths of the rays, which appear to us as streamers on the sky. 
The reason why it does not appear to change as the observer moves 
his position is surely because the clouds producing the effect are 
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at a considerable distance and the parallactic effect due to a change 
in the ol server is too small to be noticed. I have not observed the 
symmetrical arrangement of the wings referred toby Mr. Burroughs, 
but shall note the phenomenon more closely hereafter. 


Forty YEARS’ GROWTH OF A WELL-KNOWN FIRM. 

The Warner and Swasey Company of Cleveland is well known to 
astronomers. Recently the fortieth anniversary of the firm was 
celel rated and a handsome booklet was published g ving a history 
of its development. 

On May 5, 1880, Worcester R. Warner and Ambrose Swasey, 
having spent ten years in the employ of Pratt and Whitney in 
Hartford, Conn., formed a partnership and settled in Chicago. 
Soon afterwards they moved to Cleveland where they have been 
ever since, continually enlarging their buildings and extending 
their manufacture of machine tools of high precision. As indicating 
the magnitude of the establishment it may be mentioned that 
over 250 men of the company entered war service in 1917-18. 

The first telescope to be designed and constructed by the partners 
was a 9)-inch equatorial, which was completed in 1881; and since 
then the mountings of the Lick, Yerkes and Victoria telescopes 
(naming only the greatest) have come from their competent hands. 

Indeed some people have the notion that telescope-making is the 
firm’s chief business,but as a matter of fact it is almost a negligible 
fraction of the whole. The chief product of the firm is the turret 
lathe, which has been developed to a state of wonderful efficiency 
and adaptability and which is a real factor in the manufacturing 
life of the United States. 


OBSERVATIONS 
Strange conditions arise in our modern time-keeping, as is 
illustrated in the city of St. John, N.B. A train on the C.P.R. is 
due at 12 o’clock noon, Eastern Standard Time. The Canadian 
National, occupying the same station, uses Atlantic Time, according 
to which the train arrives at 1 p.m. The City, however, is regulated 
by Daylight-Saving Time. and on reaching the hotel the time of 
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the train’s arrival is found to be 2 p.m.—and you are late for lunch! 

Porter, in a very crowded sleeping car: ‘‘ The only sleep that one 
of the passengers got last night was from half-past four this 
morning’’. 

In a sleep ng car leaving Montreal for the east. Young English- 
woman, looking at the electric fan at the end of the car: ‘‘ What is 
the littke windmill for?” 

Stout lady trying to get down from upper berth: “ Difficilis 
descensus’’. 

At Royaliy Junction, P.E.I. Six-year-old, looking at several 
show-ploughs on a siding: ‘‘What are those cars which look like 
a shoe for?” 

The unit used in measuring spaces in the universe is the parsec, 
which is the distance corresponding to a parallax of one second of 
arc, or 314 light-years. In New Brunswick, on the way to P.E.lL., 
is a station named Painsec (‘dry bread’ in French, I suppose), and 
judging from the length of time required to travel along that route 
one is reminded of stellar distances. But let us remember that the 
world’s present desire for speed is really a craze, and that often 


when one gets to the end of his journey he has nothing of importance 
todo Read “*Walden”’ again! 
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Honorary President—JameEs Davipson, B.A. 
President—R. R. Granam, B.A., B.S.A, 
Ist Vice-President—Lt.-CoLoneL D, McCrag. 
and Vice-President—J. McNeice, B.A. 
Secretary-Treasurer—H. WEsTOBY. Recorder—J. W. CHARLESWORTH, B.A. 
Council—Mrs. J. J. Drew; Miss Mary Mitts; F. A. GRAESSER; PRo- 
Fessor W. H. Day, M.A.; J. M. Tayvtor, Sr.; Wa. Lawwtaw; Cox. A, H. 
MacDonatp; H. J. B. Leaptay. 
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FOR SALE EXCHANGE 


Harvard Annals 


Vol. 11; Vol. 12; Vol. 13; Vols. 15-23 inc.; Vol. 41, 
parts 1, 3, 9; Vol. 42, parts 1, 2; Vol. 43; Vol. 48; 
Vol. 49; Vol. 51; Vol. 53; Vol. 56, parts 1,2; Vol. 58; 
Vol. 60; Vol. 65; Vol. 68, part 1. 


Apply to C. A. CHANT, 
Librarian R.AS.C. 


FOR SALE 


Two 
Rochon’s Micrometer Telescopes 


Diameter of Objectives, 1in. clear aperture 


Apply— 


HEARN & HARRISON, 
418 Notre-Dame St. West, Montraél 
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